The objective of this study is to present and describe the fetal heart rate appearance in pregnancies complicated by an antenatal spontaneous umbilical cord hematoma that resulted in a live birth. Three cases of antenatal spontaneous umbilical cord hematoma are described. All three patients presented with a complaint of decreased fetal movement. The fetal heart monitor tracings on admission are depicted and discussed. In all three cases, the fetal heart rate pattern showed decreased variability with an absence of accelerations. Decelerations were noted but were identified in 25% or less of the contractions and primarily with contractions that exceeded 90 s. Absent accelerations with minimal to absent variability, if caused by uteroplacental insufficiency, usually develop in the presence of recurrent decelerations. Absent accelerations with minimal to absent variability in the absence of recurrent decelerations may suggest other causes including aneuploidy or congenital cardiac or neurologic anomalies. Though rare, spontaneous umbilical cord hematoma can be added to the differential.
Introduction
Spontaneous umbilical cord hematoma is a rare disorder. In 1940 Dipple 1 described 36 cases, of which 28 were found in the world's literature and he added 8 of his own. He calculated an incidence of one in 5505 deliveries. The overall perinatal-loss rate was approximately 50% and the hematoma was associated with the umbilical vein in 90% of the cases. Only a few cases have been reported since 1980. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] These have included cases that presented antenatally, 6 occurred intrapartum or as acute events, 3, 5, [8] [9] [10] [11] or have been associated with stillbirth, 2, 4, 6, 8, 11, 12 umbilical cord cysts, 2, 4 or two-vessel umbilical cords. 2, 4, 5 Though portions of the fetal tracings have been discussed and/ or illustrated in some if these reports, 3,5,6,8 -10 very little information exists regarding the fetal heart rate (FHR) appearance in those patients who present antenatally in the absence of labor. The study objective was to describe the fetal heart rate findings in three pregnancies complicated by an antenatal spontaneous umbilical cord hematoma that resulted in a live birth.
Case 1
A 23-year-old gravida 3 para 1 patient with an uncomplicated pregnancy presented at 31 weeks gestation with a complaint of decreased fetal movement for 18 h. The patient had no medical disorders and her vital signs were normal on evaluation. She was placed on continuous FHR monitoring that showed a baseline of 150 beats per minute with minimal variability and an absence of accelerations ( Figure 1 ). She had spontaneous contractions and a total of 3 decelerations were recorded out of 13 contractions. All three decelerations were associated with prolonged contractions (4 to 7 min in duration). The duration of fetal heart monitoring was 2 h and 13 min.
Because of the fetal tracing, a lack of response to fetal acoustic stimulation and a normal-appearing ultrasound evaluation (except for an absence of fetal movement) the decision was made to deliver the fetus by cesarean section. The result of the delivery was a 1520-gram male infant with Apgar scores of 7 at 1 min and 9 at 5 min. The initial newborn hematocrit was 49%. The arterial cord blood gas pH was 7.19 with a base deficit of 5.7. The child stayed 4 weeks in the neonatal intensive care unit for prematurity but was discharged in good condition.
The umbilical cord was noted to be 45 cm in length with three vessels and a 3 Â 2 cm hematoma associated with the umbilical vein. Thrombotic material was seen within the vein but the vein was not totally occluded. The umbilical arteries were compressed to the side but patent.
Case 2
A 22-year-old gravida 2 para 0 patient with an uncomplicated pregnancy presented at 40 weeks gestation with a complaint of decreased fetal movement for 30 h. She had no medical disorders and on examination her vital signs were normal with a cervix that was closed and uneffaced. She was placed on continuous FHR monitoring that showed a baseline of 150 beats per minute with minimal variability and an absence of accelerations. There was no change after 30 min at which time a contraction stress test was initiated ( Figure 2 ). The contraction stress test did not show recurrent late decelerations and was read as equivocal. The full duration of fetal heart monitoring was 1 h and 54 min, and a total of 23 contractions occurred that produced 5 decelerations. All five decelerations were associated with contractions that were 90 s or longer in duration, and the deceleration onset occurred well after the peak of the contraction had passed ( Figure 2) .
Because of the gestational age, the fetal tracing and the patient's cervical exam the decision was made to perform a cesarean section that resulted in a 3195-gram male infant with Apgar scores of 2 at 1 min, 6 at 5 min and 8 at 10 min. The initial newborn hematocrit was 47%. The arterial cord blood gas pH was 7.09 with a base deficit of 11.3. The venous cord gas had a pH of 7.22. At last follow-up at 18 months of age the child appeared to be developing normally.
An umbilical cord hematoma that measured 4 Â 2 cm was identified that was associated with the umbilical vein. The cord measured 52 cm in length and had three vessels. The arterial lumens were compressed but both appeared patent.
Case 3
A 39-year-old gravida 2 para 1 patient with gestational diabetes was seen at 38 weeks gestation with a complaint of absent fetal movement for 14 h. On examination she had intact membranes, the cervix was dilated 1 to 2 cm with 50% effacement, and her vital signs and blood glucose level were normal. She was placed on continuous FHR monitoring that showed a baseline between 160 Figure 1 The fetal heart monitor tracing depicts a baseline of 150 beats per minute with minimal variability and absent accelerations. There is a subtle 4 to 5 min deceleration associated with a 7 min spontaneous contraction seen to the left. The deceleration recovers prior to the end of the contraction. Figure 2 The fetal heart monitor tracing shows a baseline of approximately 150 beats per minute with minimal variability and absent accelerations. A total of six contractions are noted with one definite deceleration noted near the center of the tracing. The four contractions to the left do not completely return to the baseline and the one definite deceleration starts near the end of the fourth contraction in that group.
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CV Towers et al and 150 beats per minute with minimal variability and an absence of accelerations. The patient was having spontaneous contractions, but no decelerations were noted ( Figure 3 ). There was no change in the tracing despite position change, intravenous hydration and oxygen, and there was no response to fetal acoustic stimulation. After 50 min of monitoring an ultrasound was performed that revealed no abnormalities except for a biophysical profile score of 2 out of 10 (the two points for a normal amniotic fluid volume). 13 The patient was placed back on continuous FHR monitoring as the decision was made to proceed to cesarean section. A total of 16 contractions occurred in the 85 min of FHR monitoring and 3 subtle decelerations were identified. All three decelerations were associated with contractions that were 90 s or longer in duration. The delivery resulted in a 3280-gram female infant with Apgar scores of 8 at 1 min and 9 at 5 min. The initial neonatal hematocrit was 51%. The arterial cord blood gas pH was 7.29 with a base deficit of 4.6. The child was discharged with the mother in good condition after delivery on day 4.
Pathology evaluation of the umbilical cord revealed a hematoma, that measured 3 Â 2 cm, associated with the umbilical vein. The cord measured 40 cm in length and had three vessels. The lumens of the umbilical arteries appeared patent.
In all three presented cases abdominal trauma was denied and there was no physical evidence of trauma. In addition, all three patients denied any drug usage. Urine drug screens were performed on cases 2 and 3 and both were negative.
Discussion
Spontaneous umbilical cord hematomas are rare, especially in the case of live births. Using the incidence rate of one in 5505 pregnancies reported by Dipple, 1 where the loss rate was 50%, the incidence of this disorder in live births would then be approximately one in 11 000 pregnancies. Of the 13 cases of spontaneous umbilical cord hematoma reported in the 11 studies published in the past 28 years discussed in this analysis, 7 were stillbirths; five occurring antenatally 2,4,6,12 and two intrapartum.
8,11
Of the six live-born cases, no antenatal or intrapartum details were supplied in one; 7 two involved sudden bradycardias; 5,9 two presented at term in labor that delivered vaginally 3, 10 (the strips had moderate variability with occasional late and variable decelerations); and the final case, reported by Gregora and Lai 6 , presented antenatally with complaints of decreased fetal movement for 12 h. A portion of the strip in that case was depicted and the two late decelerations noted, also began well after the contraction peak had passed, similar to the findings in our three cases.
The etiology of spontaneous umbilical cord hematoma is not completely understood. Several theories have been suggested including a congenital defect or thinning in the lumen wall of the vein or artery, trauma, torsion, excessive traction on a short cord or infectious damage. 2, 6 Fetal hypoxia is believed to be caused by compression of the umbilical arteries or from fetal anemia due to blood loss within the cord itself. 3, 6 Diminished blood return to the fetus from the ruptured umbilical vein may also play a role. None of the neonates in this report were anemic at delivery.
The definition of a late deceleration is where the onset, nadir and recovery occur after the beginning, peak and end of the contraction, respectively.
14 If one looks closer at these three FHR monitor tracings, the decelerations that did occur were seen with the contractions that had longer durations, and the onset of most of the decelerations were later than normal, starting well after the peak of the contraction had passed.
A key issue in examining these three tracings is the minimal variability, lack of accelerations and lack of recurrent decelerations in the face of decreased or absent fetal movement. In our 3 cases, a total of 11 late decelerations occurred in the presence of 52 contractions, a rate of 21% (range of 19 to 23%). Hypoxia caused by uteroplacental insufficiency will produce recurrent decelerations (50% or more of the contractions) that then lead to a loss of accelerations and decreased variability. The authors concur with the American College of Obstetricians and Gynecologists' statement that there is interobserver variability in the reading assessment of fetal heart monitor tracings. 14 However, even if different viewers of the tracings noted twice as many decelerations, this would still amount to less than 50% and be classified as nonrecurrent.
When a tracing shows minimal variability and absent accelerations but a lack of recurrent decelerations, other etiologies may enter the differential diagnosis, including maternal drug usage, fetal aneuploidy, congenital cardiac or neurologic anomalies, or pre-existing neurologic injury, such as vascular, hypoxic or infectious insults. Because of this, a brief ultrasound evaluation may be prudent to rule out a lethal cause for the tracing, thereby negating the need for a cesarean section. However, when presented with this type of tracing, though rare, spontaneous umbilical cord hematoma can be added to the differential.
